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280 The Journal of Thoracic and Cardbjective: The training of congenital heart surgeons is extremely complex and
hallenging. It is frequently viewed as a 12-month fellowship followed by an
pprenticeship. This study evaluates the initial experience of fellows training in
ediatric heart surgery.
ethods: Fellows completing 12 months of training within the past 5 years were
ncluded. Questionnaires were completed by E-mail, mail, or telephone correspon-
ence.
esults: Twenty-eight of 42 (67%) fellows responded from 11 training programs.
ach fellow assisted in a mean of 294 ( 90) operations, 234 ( 86) of which were
pen, and each fellow performed a mean of 75 ( 53) operations, 51 ( 42) of
hich were open. Operations were grouped by risk-adjusted congenital heart
urgery scores. Fellows were exposed to all groups as the assistant. As the surgeon,
ellows typically performed operations only in groups 1, 2, and 3. Only 7 of 28
ellows performed operations in group 4, none in group 5, and 1 of 28 in group 6.
n a scale of 1 to 10 (10 being satisfied), 28 of 28 fellows were satisfied with the
xposure to congenital heart surgery (mean 9.5  1.0), but only 10 of 28 with the
perative experience (mean 4.9  2.8). Twenty-six of 28 were satisfied with the
raining overall (mean 7.3 1.8).
onclusions: Challenges in the training of congenital heart surgeons remain. Al-
hough fellows received excellent exposure to surgery for congenital heart disease,
here is a perceived minimal operative experience as the surgeon, particularly for the
ore complex operations. There is dissatisfaction with the operative experience, yet
he majority of fellows finish satisfied with their overall training.
he training of congenital heart surgeons is extremely complex and challeng-
ing, and steps are constantly being made to improve the process. This study
evaluates the initial experience of fellows training in the field of pediatric
eart surgery.
ethods
his study included fellows who completed 12 months of pediatric cardiothoracic surgical
raining within the past 5 years. Fellows currently training who had not yet completed 12
onths and those subsequently working outside of the United States were excluded. Ques-
ionnaires were completed by E-mail, mail, or telephone correspondence. Questions focused
n the structure of the training program, along with the fellows’ operative exposure, operative
xperience, and satisfaction.
esults
wenty-eight of 42 (67%) pediatric cardiothoracic surgical fellows responded from
1 training programs. Only 2 fellows trained longer than 1 year, but only their final
2 months were included in the analysis. Their experience was very similar to that
f fellows with only 12 months of training.
iovascular Surgery ● December 2006
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Dalary and Call Schedule
he mean salary was 57,000 ( 20,000) US dollars. Call
chedules ranged from 1 night in every 2 nights to 1 night
n every 5 nights. The most common call schedule was 1 in
very 3 nights. Nineteen of 28 (68%) fellows took in-house
alls, and 9 of 28 (32%) fellows took calls from home.
raining Programs
ellows who responded trained at 1 of 11 programs (T
). Training programs performed a mean of 731 ( 199)
otal cases and 540 ( 151) open cases (Figure 1). While
f 28 (25%) fellows expressed desire for dedicated time
way from the surgical service for echocardiography, 4 of
8 (14%) for cardiac catheterization, and 1 of 28 (4%) for
lectrophysiology, no training program offered this.
ellow as Assistant
ach fellow assisted in a mean of 294 ( 90) cases, 234 (
6) of which were open (Figure 2). The operations 
rouped by risk-adjusted congenital heart surgery (RACHS)
core. The majority of fellows, 24 of 28 (86%), were ex-
osed to all of the listed congenital operations (Tabl
he average percentage of fellows who were exposed to
ach of the operations within each RACHS group was 99%
o 100% (Table 2).
ellow as Surgeon
ach fellow performed a mean of 75 ( 53) operations, 51 (
2) of which were open (Figure 3). Again, the operations
rouped by RACHS score. As the surgeon, fellows typically
erformed operations only in groups 1, 2, and 3. Seven of 28
ellows performed operations in RACHS group 4, none in
roup 5, and 1 of 28 in group 6 (Table 2). The a
ercentage of fellows who performed each of the operations
Abbreviations and Acronyms
RACHS risk-adjusted congenital heart surgery
ABLE 1. Training programs
oston Children’s Hospital Boston, Mass
hildren’s Hospital of Philadelphia Philadelphia, Pa
mory University Atlanta, Ga
reat Ormond Street Hospital for
Children
London, United Kingdom
oyal Children’s Hospital Melbourne, Australia
tanford University Stanford, Calif
exas Children’s Hospital Houston, Tex
he Cleveland Clinic Foundation Cleveland, Ohio
he Hospital for Sick Children Toronto, Ontario, Canada
niversity of California, San Francisco San Francisco, Calif
niversity of Michigan Ann Arbor, Mich
The Journal of Thoracic.
e
ge
ith a RACHS score of 1 was 94%, 85% for RACHS 2, 48%
or RACHS 3, 9% for RACHS 4, 0% for RACHS 5, and 4%
or RACHS 6 (Table 2).
ellow Satisfaction
n a scale of 1 to 10 (10 being satisfied), 28 of 28 (100%)
ellows were satisfied with the exposure to congenital heart
urgery (mean 9.5  1.0), but only 10 of 28 (36%) were
atisfied with the operative experience (mean 4.9  2.8).
wenty-six of 28 (93%) were satisfied with the training
verall (mean 7.3  1.8).
iscussion
he training of congenital heart surgeons is very complex
nd challenging. In evaluating the experience of fellows
raining in the field of pediatric heart surgery, several issues
ere raised: (1) fellows expressed interest in more exposure
o the cardiology services, particularly echocardiography;
2) training programs offered excellent exposure to all types
f congenital operations regardless of the size of the pro-
ram; and (3) there is a perceived minimal operative expe-
ience for the fellow as the surgeon, particularly for the
ore complex congenital operations.
ardiology Services
ome fellows expressed interest in dedicated time away
rom the surgical service to concentrate on the pediatric
ardiology subspecialties, especially echocardiography and
ardiac catheterization. The successful repair of most con-
enital heart defects depends heavily on accurate interpre-
ation of preoperative, operative, and postoperative images.
ften, success requires an integrated approach between
nterventional cardiologists and surgeons. Even though pro-
ciency in interpreting echocardiograms and cardiac cath-
terizations is essential for congenital heart surgeons, ded-anFigure 1. Cases per training program.
d Cardiovascular Surgery ● Volume 132, Number 6 1281
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Dcated training with the cardiologists is not incorporated into
ny of the training programs. Although this may be bene-
cial, it would occur at the expense of time in the operating
oom.
perative Exposure
raining programs offered their fellows tremendous exposure
o all types of congenital operations. While the program size
aried, it had no effect on the fellows’ exposure to cases. All of
he fellows were satisfied with the operative exposure, with a
ean satisfaction rating of 9.5 on a 1 to 10 scale, 10 being most
atisfied. After grouping the operations by RACHS score, the
verage percentage of fellows who were exposed to each of the
perations within each RACHS group was 99% to 100%.
perative Experience
ccredited training programs, including cardiothoracic sur-
ery residencies, have operative requirements for their train-
es to assure that a certain level of proficiency is attained
efore program completion. However, as training
rogresses into the surgical super-subspecialties, there is a
oss of structure, uniformity, and regulation.1,2
Training in many of these subspecialties is frequently
iewed as an apprenticeship, with the fellowship year pro-
iding only an initial experience. With this in mind, most
ellows would not be ready, or expected to be ready, to
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Figure 2. Felerform complex operations immediately after training. In- e
282 The Journal of Thoracic and Cardiovascular Surgery ● Dectead, this would be a skill that would be achieved slowly
ver a period of years with increasing experience. Unfortu-
ately, this concept is not universal, and there are often
iscordant expectations between the fellow, the training
rogram, and the future employers.
From the fellow’s standpoint, only 10 of 28 fellows were
atisfied with their operative experience. The mean satisfac-
ion rating was 4.9 on a scale of 1 to 10, 10 being most
atisfied. Whereas the current minimum adult cardiac sur-
ical training case requirement is 75 cases,3,4 fellows in
ongenital training performed only an average of 75 oper-
tions, 51 of which were open. After grouping the opera-
ions by RACHS score, fellows typically performed opera-
ions, as the surgeon, only in the lower risk-adjusted groups.
n average percentage of fellows less than 10% performed
ach operation in groups 4, 5, or 6.
From the training program’s standpoint, it is ex-
remely challenging to allow fellows to perform complex
perations for congenital heart disease when outcomes
epend so heavily on performing them with perfection.
ome fellows may not be technically proficient enough to
erform the more difficult cases without compromising
he results. Also, the more complex cases may come
long so infrequently that they are performed by the
ttendings, who must increase their own experience and
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DThe future employer should be aware that the operative
xperience of the graduating fellows is often limited. Pro-
rams prepare fellows to perform simple congenital heart
perations and give them the competency and technical
bility to perform the more complex operations with time. It
s typically a slow process for both the mentor and the
raduate, until the new attending is able to perform complex
ongenital heart operations independently and successfully.
uture
any questions arise from this study regarding the future of
ongenital heart surgery training. Are weekly conferences with
ase reviews among the surgeons and cardiologists enough for
urgical fellows to become proficient in interpreting echocar-
iograms and cardiac catheterizations, should the surgeons
eview echocardiograms and cardiac catheterizations with the
ellows before every operation, or is dedicated time away from
he surgical service worthwhile? Should the training be ex-
ended to allow for more operative experience in subsequent
ears, should the first year be primarily an observation year
ith a second year devoted to performing all of the operations
nder supervision from a senior attending, or should the train-
ng be left as is with further operative experience gained after
ellowship training? Why are the fellows so dissatisfied with
able 2. Operations by RACHS score
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     # of fellows 28 28 28 28 28 28 28 27 28
    Percent 100 100 100 100 100 100 100 96 100
     Avg percent
Surgeon for case
     # of fellows 26 26 27 24 26 21 24 24 13
     Percent 93 93 96 86 93 75 86 86 46
     Avg percent 94 85
100 99.2
1 2
ACH, Risk-adjusted congenital heart surgery; ASD, atrial septal defect
entricular septal defect; TOF, tetralogy of Fallot; AVR, aortic valve repa
ulmonary artery; CAVC, complete atrioventricular canal; TAPVR, total anheir operative experience, yet satisfied overall? p
The Journal of ThoracicThere are current plans for instituting a certificate of
ompetence in pediatric cardiac surgery within the next
everal years.5 The proposed educational program is 
onsecutive months with specific requirements for the
nstitution, the program personnel, and the fellow. The
rogram curriculum includes both academic and clinical
riteria. Regarding operative experience, fellows must
ocument a minimum of 75 major congenital cardiac
urgery procedures as primary surgeon. Specific core
equirements include ventricular septal defect (5), atrio-
entricular septal defect (4), arterial switch (4), arch
econstruction, including coarctation (4), tetralogy of
allot (4), and Glenn/Fontan (5) procedures. This may
elp to re-establish structure, uniformity, and regulation
o congenital cardiac surgery training and eliminate the
iscordant expectations between the fellow, the training
rogram, and the future employers.
onclusions
hallenges in the training of congenital heart surgeons remain.
egardless of the size of the training program, the majority of
ellows are exposed to all categories and types of congenital
eart operations. There is a perceived minimal operative ex-
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Dperations for congenital heart disease. There is dissatisfaction
ith the operative experience, yet the majority of fellows finish
atisfied with their overall training.
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